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Experimental design and data collection

99
A total of 48 seedlings were planted in a full factorial design with five independent variables: 100 land use (forest, firebreak), liming (0 and 1 kg m -2 ), heat treatment (drying oven, microwaves, 101 control), age of the seedlings at the time of planting (one and two years old), and time from 102 plantation to sampling (12 and 22 months).
Two subplots 1×1 m were established in each of the three firebreaks and in the corresponding 104 forest plots. In the firebreaks, the nearest EM tree or shrub was 6-7 m away from the subplots,
105
whereas in the forest it was 2-3 m away. The topsoil (0-20 cm) of the two subplots was mixed.
106
One of the subplots was limed with 1 kg m -2 quicklime powder (94% CaO, particle diametre<0.1 107 mm, Cales Pascual) in October 2006. Immediately after liming, the pH rose from 8.2 to 11.5-108 12.0, but at the time of planting (five months after liming, with more than 150 mm rainfall) it did 109 not differ from that of the non-limed soil.
110
In March 2007 the topsoil of the three limed firebreak subplots was collected and pooled. The 111 same was done for the non-limed firebreak, the limed forest, and the non-limed forest subplots.
112
Soils were pooled to reduce the high variability characteristic of EM communities, which often
113
confound the response to the treatments (Marx et al. 1991) , although in this way the
114
heterogeneity between sites cannot be tested.
115
Then the heat treatments were applied: (a) 30 minutes in a drying oven (maximum temperature: and (c) control. In all cases the soil was laid out in a 2.5 cm layer to obtain a homogenous 119 temperature. The temperature was measured at 1.2 cm depth. The soil water content at the time of 120 the heat treatment was 10% w/w.
121
Once the soil cooled down, a mixture of 3.5 l soil and 0.35 l perlite was used to fill the pots in 122 which the seedlings (that came from the nursery in a container Quick-pot® 0.65 l volume and 18 123 cm depth) were planted. The total volume of the growing medium was 4.5 l, its depth 25 cm, the The effect of the independent variables was evaluated through conventional ANOVA, except for 
Results
171
Before being planted, two-year-old seedlings showed significantly higher dry weight (shoot: P < 172 0.001, root: P = 0.001), root tips per plant (P = 0.002) and T. melanosporum mycorrhizas per 173 plant (P = 0.04) than one-year-old seedlings; whereas the proportion of active root tips colonised melanosporum and Sphaerosporella brunnea Svrcek and Kubicka were the only mycorrhizas on 176 seedling roots. S brunnea was found in 33% of the one-year-old seedlings, colonising 8-34% of 177 the active root tips; and in 50% of the two-year-old seedlings, colonising 0.1-0.7% of the active 178 root tips. Table 1 Mean characteristics of the nursery-inoculated seedlings before being planted in the pots.
181
Letters indicate significant differences (α = 0.05) between one-and two-year-old seedlings. Once planted in the pots, the shoot and the root dry weight of the seedlings were positively 185 affected by the time from plantation (P < 0.001 for both shoot and root), and the age of seedlings 186 at the time of planting (P < 0.001 for both shoot and root). The dry weights of shoot and root
187
were significantly higher in the forest soil (shoot: P = 0.002, root: P = 0.01). Shoot weight was 188 positively influenced by the microwaves treatment (P = 0.03) ( Table 2 ).
189
The length of fine roots, the number of root tips, and the number of T. melanosporum increases of root tips and mycorrhizas from month 12 to month 22, whereas two-year-old 194 seedlings showed higher increases from plantation to month 12 (Tables 1, 3 ). In the firebreak the 195 number of root tips was higher than in the forest (P = 0.03), but the length of fine roots and T.
196 melanosporum mycorrhizas per plant did not significantly differ. T. melanosporum was present in all the seedlings. The proportion of active root tips colonised by 207 T. melanosporum was significantly higher in two-than in one-year-old seedlings (P = 0.005). It 208 was also significantly affected by the interaction between time from plantation and fine root 209 length (P = 0.003): 12 months after planting the relation between root length and the proportion 210 of active tips colonised by T. melanosporum was not significant (P = 0.94); 22 months after 211 planting the relation was significantly negative (P < 0.001) (Fig. 1) . None of the soil preparations 212 or land uses showed a significant effect. 
217
Full circles and solid lines correspond to seedlings that were two years old at the time of planting.
219
At month 22 we found native EM fungi on 83% of the seedlings. The proportion of active root 220 tips colonised by native fungi was significantly affected only by the interaction between time 221 from plantation and fine root length (P = 0.01): 12 months after planting the relation between root 222 length and native fungi colonisation levels was not significant (P = 0.87); 22 months after 223 planting the relation was significantly positive (P = 0.003) (Fig. 2) . At month 22 the ratio native-224 to-T. melanosporum mycorrhizas was 0.14 for seedlings with mean root length. 
230
The richness of native EM morphotypes showed a significant and positive relation with fine root 
236
Eleven native morphotypes were found in the assay (Table S1) The frequency of appearance of S. brunnea was significantly higher at month 12 (0.42) than at 
T. melanosporum mycorrhizas along the depth profile
252
The effect of time and seedling age on the density and proportion of root tips colonised by T.
253
melanosporum significantly varied along the depth profile.
254
The interaction among time, seedling age and depth significantly affected the density of T.
255
melanosporum mycorrhizas (P = 0.001). The density increased with time in all depth-levels 256 except for the central core of two-year-old seedlings. Twelve months after planting the maximum 257 density was attained in the central core; 22 months after planting it was attained in the lower core,
258
although in the two-year-old seedlings the density was rather uniform (Fig. 3a) . 
267
The interaction between time and depth significantly affected the proportion of active root tips 268 colonised by T. melanosporum (P < 0.001), which was also influenced by seedling age (P = 269 0.002). From month 12 to month 22 the colonisation level remained stable in the upper core, moderately increased in the central core and sharply increased in the lower core, which showed 271 the maximum levels at month 22 (Fig. 3b) . seedlings on soils of burned forests. The former found that the ratio of native-to-T.
291
melanosporum ectomycorrhizas was 0.28 after three years, suggesting that the competitive 292 pressure of native fungi could be similar or slightly higher than in our firebreaks. Martínez de seedlings displayed a brûlé at year ten.
295
The studies comparing the competition by native EM fungi in forest soils and soils cultivated for 296 non-EM fungi (considered optimal for T. melanosporum plantation) are scarce. Frochot et al.
297
(1990) planted inoculated seedlings in a recently-cleared forest soil and found native EM fungi in
298
62% of the seedlings after four years, whereas in a soil cultivated with non-EM plants they found forests (83%), suggesting that the EM inoculum of these firebreaks is more effective in early 303 colonisation than that from soils cultivated with non-EM plants.
304
On the other hand, Sánchez-Durán (2012) sampled eight young T. melanosporum plantations in
305
Teruel (Spain) on soils previously cultivated with non-EM plants, and found ratios native-to-T.
306
melanosporum ectomycorrhizas similar to that in our firebreaks: 0.11 in trees three to seven years 307 old, and 0.17 in trees seven to eleven years old, all of them already producing sporocarps.
308
The proliferation of T. melanosporum and the low ratio native-to-T. melanosporum 309 ectomycorrhizas tends to support the viability of its cultivation in the studied firebreaks and 310 forests. The potential of both land uses appears to be similar, but the experiment does not take 311 into account the hyphae attached to living trees as inoculum source (Jones et al. 2003) . These are 312 likely more abundant in the forest than in the firebreak soils (with a much lower density of EM 313 plants), although we did not measure EM fine root densities in the field. Thus, our study is 314 probably underestimating the competitive pressure of the native EM fungi, especially in the forest.
315
The composition of the effective native EM community (fungi able to colonise the seedlings) was 
321
The differences between one-and two-year-old seedlings at the time of planting affected the 322 performance of the seedlings and the introduced fungus after plantation. In the first year two- 
332
The second year after plantation appeared to be a critical period in the competition for root infectivity before planting could be an interesting strategy to enhance the proliferation of T.
338 melanosporum while maintaining a high colonisation level.
339
Our results suggest that heating the soil before planting could be useful to reduce EM infectivity. before plantation are promising for increasing the probability of success of these plantations,
378
whereas liming did not cause any significant effect at the dose applied. 
384
Forcadell in the sampling. (Agerer, 1987 (Agerer, -2002 
